We derive metal abundance estimates for a large sample of starbursting emission-line galaxies (ELGs). Our sample is drawn from the KPNO International Spectroscopic Survey (KISS) which has discovered over 2000 ELG candidates to date. Follow-up optical spectra have been obtained for ∼ 900 of these objects. A three step process is used to obtain metal abundances for these galaxies. We first calculate accurate nebular abundances for 12 galaxies whose spectra cover the full optical region from [OII]λλ3726,29 to beyond [SII]λλ6717,31 and include detection of [OIII]λ4363. Using secondary metallicity indicators R 23 and p 3 , we calculate metallicities for an additional 59 galaxies with spectra that cover a similar wavelength range but lack [OIII]λ4363. The results are used to calibrate relations between metallicity and two readily observed emission-line ratios, which allow us to estimate coarse metallicities for 519 galaxies in total. The uncertainty in these latter abundance estimates is 0.16 dex. From the large, homogeneously observed sample of star-forming galaxies we identify low metallicity candidates for future study and investigate the metallicity-luminosity relation. We find a linear metallicity-luminosity relation of the following form: 12+log(O/H)= 4.059 − 0.240M B , with an RMS scatter of 0.252. This result implies that the slope of the metallicity-luminosity relation is steeper than when dwarf galaxies are considered alone, and may be evidence that the relationship is not linear over the full luminosity range of the sample.
introduction
Observing metal abundances in galaxies is a valuable probe of galaxian star-formation histories and chemical evolution. Assuming that all galaxies begin with the same primordial abundances of elements, roughly 75% hydrogen and 25% helium, measurements of heavier elements indicate subsequent star formation accompanied by supernova explosions which enrich their surroundings with metals. Recent studies show that metallicity is linked with galaxy luminosity (Skillman et al. 1989; Zaritsky et al. 1994; Richer and McCall 1995; Garnett et al. 1997; Hunter and Hoffman 1999; Pilyugin and Ferrini 2000; Pilyugin 2001b) in that more luminous galaxies tend to be more metal rich than less luminous galaxies. This may indicate an evolutionary trend with several possible explanations. For example, a simple closed box model gives rise to such a trend (Hidalgo-Gamez and Olofsson 1998) . Alternatively, evidence for large disruptions in the gas content of galaxies from supernova explosions may play a significant role. Specifically, supernovae have been proposed as a mechanism for removing large amounts of metal-enriched gas from low-mass systems (e.g., Mac Low and Ferrara 1999 ). This in turn may explain the relative dearth of metals in dwarf galaxies. In addition, higher astration levels in more luminous galaxies may contribute to their increased metallicity per mass (Pilyugin and Ferrini 2000) .
The KPNO International Spectroscopic Survey (KISS) has identified over 2000 emission-line galaxy (ELG) candidates ranging in absolute magnitude from M B = -22 to -12 (Salzer et al. 2000 (Salzer et al. , 2001 . As such, it provides a large sample of galaxies for which metallicities can be derived and from which the metallicity-luminosity relation can be studied. The survey lists include massive starburst-nucleus galaxies, intermediate-mass irregular galaxies, low-mass dwarf irregulars and blue compact dwarfs. In this work we derive coarse metallicity estimates for the 519 starburst galaxies which have adequate quality follow-up spectra. The results provide a list of low metallicity candidates for future study as well as the largest sample of galaxies to date for use in studying the metallicity-luminosity relation Most previous studies of the metallicity-luminosity relation have concentrated on low metallicity galaxies where accurate abundances are readily available. Studies of irregulars with current star formation (Skillman et al. 1989; Richer and McCall 1995) show evidence for a linear relation. However, another recent study of dwarf irregulars (Hidalgo-Gamez and Olofsson 1998) does not support these results. In re-examining the Hidalgo-Gamez and Olofsson data, Pilyugin (2001b) believes that noise in the [OIII]λ4363 line is responsible for the lack of a relation in their sample.
On the high mass end, Garnett et al. (1997) compiled a data set of 29 luminous spirals, with metallicities derived from HII regions. The data set is taken from Vila-Costas and Edmunds (1992) , Zaritsky et al. (1994) and Ryder (1995) . They find that these more massive galaxies follow a similar trend to dwarf irregulars of increasing metallicity with luminosity. Garnett et al. do not offer a specific fit to the relation, but rather state that the high luminosity result maps smoothly onto the dwarf irregular relations such as that of Skillman et al. The same conclusions are drawn by Zaritsky et al. (1994) . Pilyugin and Ferrini (2000) combine the low and high mass galaxy samples to provide a new fit to the metallicity-luminosity relation and show a somewhat steeper relation than Skillman et al (1989) .
By using the large KISS sample of galaxies we investigate whether the metallicity-luminosity relation is actually present on all mass, luminosity and metallicity scales. Our abundance determinations are coarse and we use all morphological types for our metallicity-luminosity relation. Therefore our relation contains significantly more scatter than previous results. However, our luminosity range goes three magnitudes brighter than most previous studies, and we use up to 20 times more galaxies, giving us a better view of the overall form of the metallicity-luminosity relation, as well as its intrinsic scatter. We confirm the existence of a metallicity-luminosity relation that varies smoothly from massive luminous galaxies, M B < −21, to blue compact dwarfs, M B > −16. However, when the metallicityluminosity relationship is calculated using the wide range of galaxy types found in the KISS sample, the slope of the relation is steeper than indicated by the studies of dwarf galaxies such as Skillman et al. and Richer and McCall. As a result we find that a simple extrapolation of the dwarf galaxy relationship to more massive systems is inappropriate. This may be an indication that the overall form of the metallicity-luminosity relation is not linear but rather requires a higher order polynomial to fit the data. It may also indicate that different galaxy types obey different metallicity-luminosity relations.
2. observations and data reduction 2.1. Observations
Drawing from the KISS sample of emission-line galaxies, we gathered both imaging and spectral data for ∼900 galaxies over a four year period from 1998 -2001. Photometry is presented in the survey lists (Salzer et al. 2001; Gronwall et al. 2002a ) while results of spectral follow-up are given in a series of papers (Melbourne et al. 2002, hereafter Paper II; Salzer et al. 2002b; Wegner et al. 2002) . A summary of the overall spectroscopic properties of the KISS ELGs will be presented in .
The spectral data can be classified into 3 groups based on spectral coverage and quality. Group I spectra, an example of which is given in Figure 1a, (Pagel et al. 1979 ) and p 3 (Pilyugin 2000) . The data were obtained at the Lick 3m, the APO 3.5m and KPNO 2.1m telescopes and include 59 additional objects.
A sample spectrum is shown in Figure 1b .
Group III spectra do not reach blueward to the [OII]λλ3726,29 line.
Metal abundances are derived for these galaxies based on empirical relations between the [OIII]λ5007/Hβ line ratio and metallicity and the [NII]λ6583/Hα line ratio and metallicity. Data in this category were obtained from the above mentioned telescopes as well as the WIYN 3.5m, the MDM 2.4m and the Hobbey-Eberly 9m (HET). As the HET is a 9m-class telescope, the spectra have a high signal-to-noise ratio as shown in Figure 1c . Unfortunately, they do not extend much bluer than Hγ. The [SII] doublet on the red side is also often beyond the wavelength range of the spectrograph. The MDM images have a low dispersion. Therefore, as is shown in Figure 1d , the [NII]λ6583 line blends with Hα, and the [SII]λλ6717,31 doublet is also blended.
Details of the observations, data reduction methods and line measurements are given in a series of papers which present the results of our extensive spectroscopic followup (Paper II; Salzer et al. 2002b; Wegner et al. 2002) .
metallicities of kiss galaxies
The most accurate calculation of metallicity in nebular star-forming regions uses the [OIII]λ4363 line to measure the electron gas temperature (Osterbrock 1989; Izotov et al. 1994 ). This method, referred to here as the T e method, works well for low metallicity systems (generally 12 + log(O/H) < 8.2) where the [OIII]λ4363 line is observable. For systems of higher metallicity, [OIII] λ4363 is often too weak to observe or too noisy to be trusted. However, the strong nebular lines alone contain the necessary information to arrive at relatively good estimates of the oxygen abundances in star-forming regions (Pagel et al. 1979; McGaugh 1991; Pilyugin 2000) . The traditional R 23 method (Edmunds and Pagel 1984) typically results in metallicities within 0.2 dex of the more exact T e abundances. Pilyugin (2000) improves on the standard R 23 method by introducing his p 3 factor calculated from the strong oxygen lines. The p 3 factor replaces the temperature as a descriptor of the conditions in the nebula and allows his method to correlate with the T e method to within 0.1 dex for starbursts with metallicities below 12 + log(O/H) < 7.9. In this section we make use of the T e , R 23 and p 3 methods to estimate metallicities for 71 KISS galaxies. These data are then used to show that both the [OIII]λ5007/Hβ and [NII]λ6583/Hα line ratios correlate with metal abundance. We use the relationships to estimate coarse metallicities for the large, homogeneously observed KISS sample of galaxies. The details of each step follow.
T e Metallicities
Spectra of 12 KISS galaxies contain the necessary information for high quality metal abundance determinations. Following the standard procedure (Osterbrock 1989; Izotov et al. 1994) we calculate the electron density from the [SII] line ratio, and the electron temperature from the [OIII] line ratio. Metal abundances are derived using the IRAF NEBULAR package (de Robertis et al. 1987; Shaw et al. 1995) . Details of the observations, data reductions and analysis are given in Paper II. The results are presented in Table 1 . We use the T e abundance results in Group II spectrum taken at the Kitt Peak 2.1m telescope. It also covers the full optical region but does not have the signal-to-noise ratio necessary for the detection of [OIII]λ4363. c) A Group III spectrum taken with the HET 9m telescope. It has a high signal-to-noise ratio because of the large telescope aperture, but does not cover the full optical region and is specifically lacking [OII]λλ3726,29. d) Also a group III spectrum, taken with the MDM 2.4m. It has lower dispersion; the nitrogen lines are blended with Hα, and the sulfur doublet is also blended. Section 3.3 when we correlate metallicity with emissionline ratios.
Secondary Metallicity Indicators R 23 and p 3
The strong oxygen lines [OIII]λλ4959,5007 and [OII]λλ3726,29 contain the necessary information to predict the metallicity of an HII region (Pagel et al. 1979; McGaugh 1991) . Traditionally this has been done by invoking the R 23 parameter (Pagel et al. 1979) , where;
(1) The R 23 parameter has been correlated with metallicity by measuring oxygen abundances via the T e method for large samples of galaxies and HII regions. A complication with this method is that the dependence of metallicity on R 23 is double valued. On the low metallicity end, 12 + log(O/H) < 7.9, R 23 increases with metallicity. As the amount of oxygen in the nebula increases the strength of the emission leaving the nebula in the forbidden oxygen lines also increases. For higher metallicities, 12 + log(O/H) > 8.1, R 23 decreases with increasing metallicity. In this case the majority of the energy leaves the nebula in other nebular lines. Between the high and low metallicity branches is the "turn-around region" where R 23 ceases to be a good predictor of metallicity. In the "turn-around region" galaxies with the same R 23 ratio can have a fairly wide range of metallicities.
We distinguish between the upper and lower branches of the R 23 relation by observing the [NII]λ6583/Hα line ratio. This is demonstrated in Figure 2 , a line diagnostic diagram plotting log(R 23 ) vs. log([NII]λ6583/Hα) . In this plot, metallicity varies smoothly across the figure with low abundance galaxies found in the upper left hand corner and high abundance galaxies in the lower right. We adopt the following criteria for determining on which branch of the R 23 relation a given spectrum lies. We assign objects with log([NII]λ6583/Hα) < −1.3 to the low metallicity branch of the R 23 relation. Objects with log([NII]λ6583/Hα) > −1.0 are associated with the high metallicity branch. Objects with -1.3 < log([NII]λ6583/Hα) < -1.0 are considered turn around region objects. We do not calculate R 23 metallicities for these galaxies.
Unfortunately R 23 does not correlate perfectly with metallicity. Galaxies with a given value for R 23 can exhibit a range of T e -method-determined metallicities. Other factors have been found to account for the variations. The spread in metallicity, especially on the low metallicity end, for a given R 23 value is due to both to uncertainty/scatter in the T e calibration and to additional parameters such as the initial mass function (IMF) of the starburst and density variations in the nebula (McGaugh 1991) . The spread in metallicities for a given value of R 23 at the high metallicity end is due primarily to a lack of good T e abundance measurements.
A recent paper by Pilyugin (2000) demonstrates a method to remove R 23 's density and IMF dependencies at the low metallicity end. Pilyugin defines a new parameter, p 3 = X 3 − X 23 , where X 3 =log(f([OIII]λ4959 + λ5007)/f (Hβ)) and X 23 =log(R 23 ). If the measure of X 23 is constant for HII regions of similar oxygen abundance, then a plot of p 3 vs. X 3 should give a line with a slope of 1 for objects of the same metallicity. When Pilyugin plotted several HII regions in this way, he found the slope is not 1, implying that X 23 can vary for objects with the same oxygen abundance. He defined a parameter, X * 3 , which is equal to the value of X 3 when the data in the X 3 vs. p 3 plot are extrapolated to p 3 = 0. Doing so he found the following relation:
For any observed value of X 3 and p 3 one can calculate X * 3 . Pilyugin goes on to demonstrate a correlation between X * 3 and metallicity which agrees with the T e method to within 0.1 dex. The p 3 method effectively removes the systematic uncertainties in the R 23 method on the low metallicity end. As he describes it, the temperature measurement in the T e method accounts for the state of the the IMF and the geometry factors in the nebula. In this new method, p 3 replaces the temperature as a descriptor of these influences. The correlation Pilyugin found which we will adopt for objects on the lower metallicity branch of the R 23 relation is given in by the following equation:
Pilyugin (2001a) derives a similar relation for the upper metallicity branch. Unfortunately it is of use only in a limited metallicity range (∼8.1 to ∼8.6 dex). In addition, fits to the upper branch suffer more from a lack of good calibration points than from a multi-valued R 23 relation. For simplicity we will adopt the Edmunds and Pagel (1984) fit to the upper branch. This fit, as quoted in Pilyugin (2000) , can be expressed as follows:
With the two methods, R 23 and p 3 , we determine metallicities for galaxies which possess spectra that contain both the strong [OIII] lines λλ4959,5007 and the strong [OII] line λλ3726,29. When log([NII]λ6583/Hα) < −1.3, we use p 3 to derive metallicity. When log([NII]λ6583/Hα) > −1.0 we use R 23 to derive metallicity. For galaxies with -1.3 < log([NII]λ6583/Hα) < -1.0 we can not use either method as the object is in the turn-around region.
As an additional consideration, small uncertainties in the reddening coefficient, c Hβ , can translate to large errors in the [OII]λ3726 + λ3729/Hβ line ratio. Therefore metallicities derived with the strong-line method can be influenced by weak or noisy Hβ lines. For example, if we plot log([OIII]λ4959 + λ5007/[OII]λ3726 + λ3729) vs. log(R 23 ) (McGaugh 1991) for our sample of galaxies, we find several objects in unphysical locations of the diagram. When we plot the same diagram restricting our sample of objects to those with an equivalent width of Hβ greater than 8Å, the discrepant points are removed. Therefore, to ensure good spectral quality and accurate line ratios, we have adopted an Hβ equivalent width limit of 8Å for the ensuing analysis.
With the equivalent width limit of Hβ and the nitrogen line ratio criteria specified, we calculate metallicities for 59 additional galaxies, 46 using the R 23 method and 13 using the p 3 method. The metallicities for these galaxies along with the oxygen line ratios are given in Tables 2 and 3 . We also have p 3 abundances for the twelve Group I galaxies that have T e metallicities. Seven of the galaxies have p 3 abundances within 0.1 dex of their T e result. Four are within 0.2 dex and one galaxy is highly deviant at 0.4 dex. We believe the reason for the deviation is related to the evolutionary state of the starburst. This particular galaxy appears to be a highly evolved, low-metallicity starburst. Since it is well past the peak of its star formation episode, it has an elevated [OII]λ3726 + λ3729/Hβ line ratio despite the low overall metal abundance. The Pilyugin fit may not track this evolution as his fit is based on the relatively young starbursts studied by Izotov et al. (1997; . Further comparison of the two methods will be presented in Paper II. When calibrating the low metallicity end of our line diagnostic diagrams, we will use the T e abundances when available and the p 3 abundances for objects with no T e result.
Metallicities from Line-Diagnostic Diagrams
We use the R 23 , p 3 and T e metallicities presented in the previous sections to relate the [OIII]λ5007/Hβ and [NII]λ6583/Hα line ratios with metallicity. We choose these two line ratios because they are observed in nearly all of our ELGs, typically have good signalto-noise ratios, and are fairly insensitive to uncertainties in reddening corrections. We find that both the Figure 2 ). We will use this information to decide which line ratio provides the most accurate metal abundance for a given galaxy.
In Figure 4 we plot log([NII]λ6583/Hα) vs. metallicity for the Group I and II data. As the data are sparse on the low metallicity end we supplement with T e results taken from the literature (Izotov et al. 1997 ). The diagram shows that metallicity increases with nitrogen line strength as a smooth single valued function up to the metal rich end of the distribution. At log([NII]λ6583/Hα) > −0.45 there is a sharp upturn in the observed distribution. This corresponds to the regime where the nitrogen line ratio ceases to be a good metallicity indicator, precisely the phenomenon seen in Figures 2 and 3 . We fit a quadratic function to the data points with log([NII]λ6583/Hα) < −0.45 and obtain the following result:
12 + log(O/H) = 9.26 + 1.23N + 0.204N 2 ,
The data points have a root-mean-square (RMS) scatter about the fit of 0.156 dex. We use Equation 5 to estimate the metallicity for galaxies with log([OIII]λ5007/Hβ) > −0.25.
In Figure 5 we plot log([OIII]λ5007/Hβ) vs metallicity for the Group I and II data. The relation is well defined at the high metallicity end. On the low metallicity end, we see a scattered clump of galaxies with metallicities ranging from 7.5 to 8.2 dex and log([OIII]λ5007/Hβ) ranging from 0.3 to 0.8. Again we see that [OIII]λ5007/Hβ is not a good indicator of metallicity for low metallicity systems as predicted by Figure 3 . We fit a linear function to all points on the upper metallicity branch, where log([NII]λ6583/Hα) > -1.2. We ignore objects in the turn-around region and below. The result for the fit is as follows:
with an RMS of 0.149 dex. We use Equation 6 to estimate metallicities for KISS galaxies with log([NII]λ6583/Hα) > -1.2.
We use Equations 5 and 6 to compute final metallicity estimates for all KISS ELGs with the necessary spectral information available. Included are all objects that possess follow-up spectra rated as good or excellent quality, that have been classified as starbursting ELGs, and for which measurements of both [NII]λ6583/Hα and [OIII]λ5007/Hβ exist. A total of 519 galaxies satisfy these criteria. For a number of galaxies, metallicity estimates are computed using a single line ratio, while for others both line ratios are used. We combine the nitrogen and oxygen metallicity results in the following way. Referring again to Figure 3, for galaxies with log([NII]λ6583/Hα) < -1.2 we calculate the metallicity using only the nitrogen line ratio and Equation 5. For objects with log([OIII]λ5007/Hβ) < -0.25, we use only the oxygen line ratio and Equation 6 to calculate metallicity. For galaxies with log([NII]λ6583/Hα) > -1.2 and log([OIII]λ5007/Hβ) > -0.25 we calculate metallicities using both the nitrogen and oxygen line ratios and Equations 5 and 6. We take the average of the two results to produce a final abundance estimate. When we have estimates of the metallicity from both the nitrogen and oxygen line ratios, we find that the RMS scatter in the difference of the two measurements is 0.13, but that the mean difference is -0.009 (i.e., consistent with zero difference).
This process generates metallicity estimates for 519 homogeneously observed starbursting galaxies out to a redshift of z=0.095. Since the RMS scatter in Equations 5 and 6 is 0.156 and 0.149 respectively, we assign a uncertainty of 0.16 dex to each metallicity measurement. To be conservative, we use this uncertainty even when averaging two metallicity estimates together. Abundance estimates for individual galaxies calculated from these empirical methods will be tabulated in Gronwall et al. (2002b) . Here we use the results to identify low metallicity candidates for further study. A list of objects with metallicities below 7.9 is given in Table 4 . Several of these objects have been observed in detail with the Lick telescope (Paper II) but many more warrant high signal-to-noise ratio observations yielding T e abundance data. As the objects in Table 4 are low metallicity, high quality abundance measurements of these galaxies can be used to study the primordial helium abundance (Izotov et al. 1994; and place constraints on Big Bang nucleosynthesis. In the next section, this large sample of data will be used to investigate the existence and form of the metallicity-luminosity relation.
the metallicity-luminosity relationship
We combine galaxy metallicity estimates with calculations of the absolute B magnitudes to investigate the form of the metallicity-luminosity relationship. Apparent magnitudes, corrected for galactic reddening, are measured from the imaging portion of the survey data. We adopt a Hubble constant of H 0 = 75 km· s −1 ·Mpc −1 , and use the redshift measured from the follow-up spectrum of each galaxy to arrive at the absolute magnitude.
Our metallicity-luminosity relation is shown in Figure  6 . The general trend is an increase in metallicity with luminosity over the full magnitude range of the data M B = -21 to -12. Using a bivariate linear least squares fitting technique, we first fit the data with the absolute magnitude as the independent variable, then fit the data with the metallicity as the independent variable. Our final linear fit is the mean of the two fits, which is described by the equation:
12 + log(O/H) = 3.60 − 0.267M B .
(7) (±0.20) (±0.009) This is shown as the solid line in Figure 6 . The scatter about the fit remains constant over the absolute magnitude range of M B = -21 to -16, with an RMS of 0.27 dex. The scatter is systematically one sided for M B > −16, implying that there may be a shallower slope at the low metallicity end. The small formal errors in the coefficients of Equation 7 are somewhat deceiving. In arriving at these error bars we assumed an error in the absolute magnitude of 0.5 mags, which reflects the formal photometric errors, the uncertainty in the Hubble constant, and any possible peculiar velocities of the individual galaxies. An error in the metallicity of 0.16 dex is assumed, consistent with the scatter in the line diagnostic diagrams from which we estimate our metallicities. Because we have a large data set, these error estimates translate to very small formal errors in the slope and intercept of the fits. However, the difference in slopes from the direct and inverse fits of the bivariate fitting are substantially larger than the quoted uncertainty.
The slope we obtain is affected by two parameters. First, the choice of the R 23 calibration affects the metallicities we derive for our Group II and therefore Group III data. Second, the absolute magnitude measurements may suffer from internal absorption. More massive galaxies are likely to have systematically higher extinction than dwarf galaxies due to their higher metallicities and higher dust content. This would, if left uncorrected, affect the slope of the metallicity-luminosity relation. We attempt to address both these issues.
There are several different calibrations relating R 23 to metallicity at the high metallicity end. We chose the Edmunds and Pagel (1984) fit primarily because of its long standing use and simplicity. Pilyugin (2000) offers an updated R 23 relation which takes into account data not available when Edmunds and Pagel made their original result. The Pilyugin relation is:
12 + log (O/H) = 9.50 − 1.40 · log(R 23 ), (8) which is roughly parallel to but systematically lower than the Edmunds and Pagel fit by 0.07 dex. If we use this result to calibrate the upper branch of the R 23 relation, we find the following metallicity-luminosity relation:
12 + log (O/H) = 3.763 − 0.255M B .
The derived slope is slightly shallower than when using the Edmunds and Pagel R 23 relation. However, it remains much steeper than previous studies (see below). We conclude that while our result is somewhat dependent on the R 23 calibration, any reasonable choice for R 23 will give rise to a significantly steeper slope in the metallicityluminosity relation, compared with the slopes derived for dwarf galaxies. More problematic is quantifying the absorption caused by dust internal to a given galaxy. As massive galaxies tend to contain more dust, they suffer from internal absorption more than dwarf galaxies. Thus luminosities of massive galaxies are likely to be underestimated more than luminosities of dwarf galaxies. Correcting the measured absolute magnitudes for this internal extinction will make the slope of the metallicity-luminosity relation more shallow. As the imaging data do not in general reveal the Hubble type or axial ratio of the galaxies, traditional absorption corrections are not possible. We attempt a nonstandard correction in the following way. A plot of B-V color vs. M B for each galaxy shows a trend of increasing red colors with increasing luminosity. There is scatter in the trend due both to the variations in the stellar populations from galaxy to galaxy, as well as to the amount of internal reddening and absorption in the galaxy. We fit a line to the trend ignoring the most deviant red points which are most strongly affected by dust. The fit is taken to be the center of the color distribution in the absence of internal reddening. We then infer a color excess, E(B-V), by measuring the color difference between each galaxy and the regression line. We assume that objects redder than 2σ from the mean regression line, and with c Hβ greater than 0.25, suffer from internal absorption. The deviant points are corrected to the trend line by assuming the following reddening law:
While admittedly ad hoc, this absorption correction does systematically account for the most heavily extincted galaxies in our sample. All of the galaxies that were corrected have M B < -16 mags. The result of the correction on the metallicity-luminosity relation (using the Edmunds and Pagel R 23 relation) is plotted in Figure 7 . Once again a bivariate linear least squares fit is applied and we find the following result for the metallicity-luminosity relation:
(±0.17) (±0.006) with an RMS of 0.252.
After the extinction correction is applied to the data, we continue to find a slope steeper than those reported in the literature. Previous groups have concentrated on the low-metallicity, low-luminosity end where T e abundances are available. Skillman et al. (1989) used metallicities from 20 nearby irregular galaxies, with absolute magnitudes between M B = -19 to -10.5, to study the metallicityluminosity relation. They calculated metallicities from the T e method and distances from Cepheid variables and group associations, and found 12 + log(O/H) = 5.50 − 0.153M B (dashed line in Figure 6) , with an RMS deviation of 0.16 dex. Similarly, Richer and McCall (1995) report a Their data range in luminosity from M B = -18 to -10.5 with a dispersion that increases for M B > -15. Again, metallicities are derived from the T e method and distances from stellar calibrators.
Until recently, published fits of the metallicityluminosity relation have not included high luminosity galaxies in their samples. However, in looking back to data sets on the metallicity of large spirals such as Zaritsky et al. (1994) we find previous evidence for the fact that massive galaxies follow a steeper metallicity-luminosity relation than do dwarf galaxies. This is clear from Figure 13 of Zaritsky et al., where the data follow a steeper slope than the line included on the plot which has a slope similar to Skillman et al. When we combine the Zaritsky et al. data set (39 spirals) with the Skillman et al. data, we find a metallicity-luminosity relation given by 12+log(O/H)= 4.71 − 0.210M B . In another effort to combine the low luminosity results with high luminosity systems, Pilyugin and Ferrini (2000) combine the Richer and McCall data set with 13 objects from the Garnett et al. (1997) data set and include 17 objects from their own observations. These data, ranging in M B from -21.5 to -10.5, have a metallicity-luminosity relation with a slope of -0.192. This is evidence that the overall slope may be steeper than indicated by the dwarfs alone, though still not as steep as our data indicate. One might well expect our data to give a steeper slope than the compilation of Pilyugin and Ferrini. The large spirals used in their data set have metallicities derived from several HII regions within the disk of each galaxy and averaged together. In contrast, our most metal rich galaxies tend to be starburst nucleus galaxies, where the emission is coming from a large star-forming event in the center of the galaxy. Because spirals are known to exhibit radial abundance gradients, nuclear starburst galaxies should as a group tend to have higher metallicities than those measured from disk HII regions, even for galaxies with similar luminosities. This is born out in a recent paper by Contini et al (2001) . They plot a metallicity-luminosity relation for a large sample of galaxies. The irregular galaxies in their sample follow a metallicity-luminosity relation similar to Richer and McCall (1995) . The larger HII galaxies and UV selected galaxies follow a linear relation with a higher slope of -0.173. Displayed on their plot, but not included in either fit, is a large population of starburst nucleus galaxies. These galaxies tend to have luminosities similar to the UV selected galaxies but tend to have higher metallicities. It is clear that the inclusion of the starburst nucleus galaxies in a composite fit would lead to a significantly higher slope.
In conclusion, we believe that the steeper slope indicated by our data is reasonable. We stress, however, that this result is not meant to replace the work of Skillman et al. and others, but rather to investigate the metallicity-luminosity relationship with a wider sample of galaxy types. In fact Figure 7 shows evidence that the overall form of the relation may not be a simple linear function, but rather may be a higher order polynomial. The slope appears to become more shallow at the low luminosity end, resembling the slopes found by previous studies. Because of the large scatter and relative paucity of galaxies at the low luminosity end, we do not feel we can adequately justify a higher-order fit with the current data set.
discussion and conclusions
The metallicity-luminosity relation has significant implications for galaxian evolution. It appears to be a continuous smooth function from high-luminosity massive spirals to the low-luminosity dwarf galaxies, implying that the metallicity-luminosity relation is at work on all mass scales and all galaxy types with significant star formation. The form of the metallicity-luminosity relation, along with its intrinsic scatter, should provide a useful constraint for theoretical models of chemical evolution in galaxies.
We have confirmed the existence of the metallicityluminosity relationship using data from 519 starburst galaxies. We found a linear relation between metallicity and absolute B magnitude given by: 12 + log(O/H) = 4.059 − 0.240M B . Metallicities were derived for the large sample from secondary metallicity indicators relating the strong nebular lines, [OIII]λ5007 and [NII]λ6583, to metallicity. We used T e abundances from 12 galaxies, p 3 abundances for 13 galaxies and R 23 abundances for 46 galaxies, to relate emission-line ratios with metallicity. This study uses the largest sample of galaxies to date to construct a metallicity-luminosity relation. We find a significantly steeper slope than previous results, most likely due to the fact that we probe to higher luminosities and include a more diverse mix of galaxy types in our sample. The large scatter, 0.252 dex, remains roughly constant to an absolute magnitude of M B = -16, at which point the scatter becomes one sided. This indicates that the slope may be more shallow at the low luminosity end, in agreement with previous results that have focused on dwarf systems. Interestingly, Richer and McCall have also found the scatter in their metallicity-luminosity relation to be one sided for objects with M B > -16. This may be further evidence for the need of higher order fits to the relation. We have resisted the urge to carry out a higher order fit to the data due to the large intrinsic scatter in our sample.
In interpreting the results illustrated in Figure 7 , the reader should keep in mind the following cautionary note. As mentioned above, the abundances we measure for the more luminous KISS galaxies are predominantly central/nuclear values, rather than disk HII regions. Since spiral galaxies typically exhibit radial abundance gradients, our abundances may be biased to higher values compared to previous studies. Clearly, one needs to consider the location within the galaxy when quoting abundances (particularly for large spirals) and investigating the metallicity-luminosity relation. While there is no absolute correct method or convention, we would argue that our use of nuclear abundances is no less appropriate than using outlying disk HII regions (which will be biased to lower abundances). In fact, since dwarf galaxies tend to exhibit no substantial abundance gradients, the use of central abundance measurements might well be preferred.
We have investigated whether this effect could be the cause for our steeper metallicity-luminosity relation by comparing our results with those from previous studies. For example, the large dataset of Zaritsky et al. (1994) , derived from disk HII regions rather than nuclear starforming regions, exhibits a metallicity-luminosity relation very similar to ours at M B < −18. No bias is evident when the two datasets are compared directly. This may be due in part to the fact that many spiral galaxies exhibit only very shallow abundance gradients (or in some cases none at all). We conclude that our use of central abundances is not the main cause for our steep metallicity-luminosity relation, but rather that this is a real phenomenon. We point out that evidence for a steeper slope to the metallicityluminosity relation has been available but not pursued until Pilyugin and Ferrini (2000) combined the Garnett et al. and Richer and McCall data sets to observe the overall trend. Their study found a slope steeper than those indicated by Skillman et al. and Richer and McCall. Seeking further confirmation of this result, we combined data from Zaritsky et al. (39 spirals) with data from Skillman et al. We again found evidence for a steeper slope. The metallicity-luminosity relation using this data set is given by: 12+log(O/H)= 4.71 − 0.210M B .
The KISS sample of galaxies includes a diverse mass and morphology range, from blue compact dwarfs to giant nuclear starburst galaxies. By including the more massive galaxies and achieving a large sample, we appear to be observing a more general metallicity-luminosity trend than is indicated by the dwarf galaxies alone. While the metallicity-luminosity relation derived by Skillman et al. appears to be a good approximation of the low metallicity data, extrapolating their relation to higher luminosities is probably inappropriate. Efforts to understand the physical mechanisms that lead to the observed metallicityluminosity relation will be aided by the constraints set by the data presented in this paper.
The methods used here to calculate coarse metal abundances allow for a way to quickly identify low metallicity candidates for further study. The KISS galaxies believed to be low metallicity will be targeted as high priority systems for abundance quality spectra in future observing runs. Eventually this will yield a large number of low metallicity objects that can be used to place constraints on the primordial helium abundance of the Universe. The coarse abundance methods can also be applied to galaxies at higher redshift, where [OIII] λ4363 is difficult to observe. Metallicity comparisons between galaxies over a range of redshifts will help to shed light on the chemical evolution of galaxies. 
